Non-steroidal anti-inflammatory drugs (NSAIDs) are associated with increased risk of cardiovascular disease. Yet, the risk of atrial fibrillation (AF) associated with NSAIDs among patients with prior myocardial infarction (MI) has not been examined, and such data could contribute considerably to the risk-benefit assessment of NSAID use in this clinical context.
Introduction
Atrial fibrillation (AF) is the most common arrhythmia, and it is frequently encountered in the post-myocardial infarction (MI) period. 1 -3 Post-MI patients with AF have increased risk of thromboembolic complications, in particular ischaemic strokes, and death. 4 -7 Hence, AF constitutes a common complication in post-MI patients that should be avoided, if possible. 8 Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used in the general population, and two recent studies linked the use of NSAIDs to AF. 9, 10 Current guidelines discourage any use of NSAIDs in patients with cardiovascular disease, despite this many patients with MI still receive NSAIDs. 11 -13 Yet, the risk of developing AF associated with NSAIDs among patients with prior MI has not been examined, and such data could contribute considerably to the risk -benefit assessment of NSAIDs in this clinical context. Accordingly, increased risk of AF in post-MI patients exposed to NSAIDs would have important clinical consequences. In this study, we therefore assessed the risk of AF associated with NSAID treatment in real-life, first-time MI patients.
Method Study design
This study was a nationwide cohort study of AF incidence in Denmark in the period of 1997 -2011 among patients with first-time MI without a history of AF.
Data sources
In Denmark, all residents have a unique and permanent identification number, which enable us to combine data from four Danish nationwide administrative registries: (i) Information regarding morbidity was obtained from the Danish National Patient Registry, which since 1978 has kept records of all hospital admissions in Denmark. 14 
Study population
We identified a cohort that included all patients admitted with a first-time MI from 1997 to 2011 who had no prior diagnosis of AF. As done previously, the database was systematically screened to ensure that any transfer of patients between hospitals was registered as one admission, since our analyses used the date of discharge to select patients and to calculate the dispensed medicine. 12, 16 To avoid selection bias in the exposure allocation due to the high mortality in relation to the MI, the cohort was restricted to individuals alive 30 days post discharge. We used a new-user design as suggested by Ray and excluded NSAID users who collected a prescription 30 days prior to inclusion (n ¼ 6576). 17 Patients were followed from 30 days post-MI until one of the following events (whichever came first): AF, emigration, death, or end of study period (31 December 2011).
Exposure and concomitant pharmacotherapy
We identified all claimed prescriptions for NSAIDs (ATC M01A) from the national prescription registry following discharge from index hospitalization (MI). The selective cyclooxygenase (COX)-2 inhibitors, rofecoxib and celecoxib, and the most commonly used non-selective NSAIDs, ibuprofen, diclofenac, and naproxen, were examined separately. All other NSAIDs, excluding glucosamine (M01AX05), were combined in a common group called 'other NSAIDs'. The national prescription registry does not include information on prescribed daily dosage of the medication. Therefore, by calculating average dosages of consecutive prescriptions, the daily dosage was estimated at each new prescription dispensing. This method allowed dosages to change at the dispensing of a new prescription. If only one prescription was available for an individual, a standard dose was used to estimate the daily dose. High dosage was defined as being above the upper limit of the recommended minimal dosage for each drug: ibuprofen .1200 mg, diclofenac ≥100 mg, naproxen .500 mg, rofecoxib .25 mg, and celecoxib .200 mg. The method used to determine the dose and treatment duration has been described previously. 16, 18 Ibuprofen is the only NSAID 
Comorbidity and concomitant medication
Comorbidity was defined by using the Ontario acute MI mortality prediction rule, modified for the ICD-10. 19 To further enhance the comorbidity score, we identified discharge diagnoses up to 1 year before the index hospitalization. 20 Concomitant use of b-, angiotensin-converting enzyme (ACE) inhibitors/angiotensin 2 receptor blockers, statins, loop diuretics, spironolactone, and anti-diabetic drugs, the latter a proxy for prevalent diabetes, 21 was also identified.
Outcome
The outcome of interest was first-time diagnosis of AF after discharge from the index MI. First-time AF admission was indicated by the fact that the National Patient Registry had not registered any prior admissions for AF in the previous 19 years. We selected 19 years since that was the maximal time we were able to look back in the registry for patients admitted in 1997, and this length of history was applied to all patients in our cohort. We used primary and/or secondary diagnoses. The diagnose of AF has been validated with a positive predictive value of 97% in the Danish National Patients Registry. 22 
Statistics
Unadjusted incidence rates of events per 100 person-years for AF were calculated for all NSAIDs as a group and for the individual NSAIDs separately. We used Cox proportional hazard models to estimate the risk of developing AF associated with NSAID use. Exposure to NSAIDs was included as time-dependent covariates in the models, i.e. patients were only considered at risk, when they were exposed to the drug. Each individual could have multiple independent treatment courses with the same drug but also with different drugs. Hence, current NSAID use was specifically compared with non-current NSAID use in our analyses. To assess the relation of duration of NSAID use on AF risk, we categorized the duration of NSAID exposure into short (0-14 days), medium (15-30 days), and long (31-90 days) terms for each individual period of NSAID treatment. Furthermore, we investigated the prognostic impact of AF after NSAID use.
All of the models were adjusted for age, gender, index year, concomitant medication, and comorbidity. The validity of the proportional hazard assumption, linearity of continuous variables, and lack of interaction were found to be valid unless otherwise indicated. All statistical analyses and data management were performed with version 11.0 (Stata Corp LP, College Station, TX, USA) and the SAS statistical software package, ver. 9.1 (SAS Institute, Inc., Cary, NC, USA). 
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Results
From 1997 to 2011, a total of 128 751 patients aged .30 years were admitted with first-time MI; of these, 86 496 (67.2%) were alive 30 days after discharge and had no prior diagnosis of AF and were therefore included in the study. Descriptive data are shown in Table 1 and Figure 1 . The mean age was 66.6 (SD 13.3) years, and men comprised 64.3% of the study cohort. Of the 86 496 patients included in the study, 44.1% filled at least one prescription for an NSAID during follow-up. The median time was 4.5 years (interquartile range 1 -14.9). In general, the patients prescribed with non-selective NSAIDs were younger, and a higher proportion of the patients were male compared with patients prescribed selective COX-2 inhibitors. Otherwise, no major differences between the treatments groups were found. The distribution of NSAIDs prescribed after discharge from MI was 2.8% for rofecoxib, 3.0% for celecoxib, 10.1% for other NSAIDs, 14.7% for diclofenac, and 29.9% for ibuprofen. More than 20% of patients received more than one NSAID. The patients who did not receive NSAIDs had a mean age of 68.5 years and more often were male.
Risk of atrial fibrillation associated with use of non-steroidal anti-inflammatory drug
During the observation period, 7831 subjects were hospitalized with AF. Confidence intervals rate (95% CI) of AF in events per 100 person-years with ongoing NSAID treatment was 2.2 (2.0 -2.4) compared with 1.7 (1.6-1.7) without NSAID treatment (Figure 1) . In the adjusted model, the risk of AF with NSAID treatment increased [Hazard ratio (HR) 1.27 (1.14-1.40)] compared with no NSAID treatment. Table 2 shows comparison of the individual NSAIDs. When comparing the effect of the different types of NSAIDs, COX-2 inhibitors (rofecoxib, celecoxib), non-selective NSAIDs (ibuprofen, diclofenac, naproxen), and other NSAIDs (e.g. ketoprofen, etodolac), all were associated with both increased confidence intervals rates and increased adjusted risk compared with no NSAID use, Figure 2 . With use of the earlier recommended dosage of NSAID, further increase in AF was present suggesting a dose-response relationship ( Table 2 ). The insignificant result may be due to a low power.
Duration of non-steroidal anti-inflammatory drug use and non-steroidal anti-inflammatory drug use at the time of atrial fibrillation
Rates of AF decreased according to duration of NSAID treatment with confidence intervals rates of 2. 
Sensitivity analysis
Using the Wald test, we examined interactions between the use of NSAID and available covariates. No clinically important interactions were found. When the study period was restricted to years without over-the-counter non-selective NSAID availability (1997-2001), Figure 1 Flow chart of population.
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our results did not change (data not shown). Heart failure, hypertension, and osteoarthritis might be associated with AF. We have therefore made a sensitivity analysis adjusting for these variables in the COX models. The result remains the same (data not shown). We estimated that an unmeasured confounder would have to elevate the risk by 2.8 -3.5 to fully explain the increased risk for AF observed with overall NSAID treatment. To investigate the effect of heart failure (HF), we calculated the incidence of coincident HF and AF, 1157 (1.8%) patients had HF together with AF. To analyse the difference between the two groups by time, we made a cumulative incidence graph, which showed a small increased risk of developing AF taking any NSAID.
Discussion
This nationwide study examined the risk of AF with NSAID use compared with no NSAID use in post-MI patients. The main result was that utilization of NSAIDs was associated with an increased risk of AF in this large patient population. Atrial fibrillation is one of the most common arrhythmias and often coincides with MI. 1 -3 Previous studies have reported that the presence of AF in MI patients was a powerful adverse prognostic factor for in-hospital and long-term mortality even after adjustment of age and gender. 4 -7,23,24 NSAIDs associated with increased risk of atrial fibrillation AF after an MI had an increased risk for thrombo-embolic complications, in particular stroke, both during hospitalization and during the follow-up period. 5 -7 Recently, the use of NSAIDs has been found to be associated with development of AF in a population-based study in Denmark, and these investigators reported a 40 -70% increased relative risk of AF in patients using NSAIDs compared with those not using NSAIDs, with the most pronounced risk being associated with the selective COX-2 inhibitors and the lowest risk with the non-selective NSAIDs. 9, 10 Comparable results were found in a meta-analysis that summarized data from 114 clinical trials involving 116 094 patients using COX-2 inhibitors. 25 Rofecoxib was found to be associated with the highest risk of any kind of arrhythmias (relative risk 2.90; 95% CI 1.07-7.88), but the risks of different subtypes of arrhythmias such as AF were not examined. Another study examined the risk of chronic AF associated with long-term use of NSAIDs and found that both non-selective NSAIDs and COX-2 inhibitors were associated with increased risk of chronic AF. 26 To the best of our knowledge, our study is the first to report the association between the use of NSAID and the risk of AF in post-MI patients. Notably, we found that the use of both the non-selective NSAIDs and the selective NSAIDs was associated with relative high risk of developing AF, but with an absolute risk of 0.4% per year, i.e. 4 per 1000 patients per year. Time-to-event analyses performed in some of the clinical trials and in register studies of the selective COX-2 inhibitors have shown similar results as our data. 12, 27, 28 The use of NSAIDs may be associated with increased risk of AF through adverse renal effects such as fluid retention, electrolyte disturbances, and hypertension, but evidence for such effects is limited. NSAIDs inhibit the COX enzymes, which are involved in the production of prostaglandins. The two major COX isoenzymes are COX-1 and COX-2, which both form prostaglandin H2 from arachidonic acid. Platelets express only COX-1, but endothelial cells express both COX-1 and COX-2. Platelets play an important role in the cardiovascular haemostasis. COX-1 produces thromboxane A2, which stimulates platelet aggregation and vasoconstriction, and increases vascular and cardiac remodelling. COX-2 mediates synthesis of prostaglandin I2, which is a potent vasodilator, inhibits platelet function, and promotes renal sodium excretion. A proposed mechanism for the cardiovascular risk of NSAIDs has been the observed shift in the prothrombotic/antithrombotic balance on endothelial surfaces towards thrombosis after NSAID exposure, i.e. because of a predominant inhibition of COX-2 in face of unopposed TXA" production from platelets. However, this theory of balanced vs. unbalanced COX inhibition is now debatable, because the non-selective NSAIDs have also been associated with increased cardiovascular risk. However, other mechanisms may explain the harmful effects of NSAIDs. Prostaglandin I2 has been found to act as a restraint on many prothrombotic stimuli (e.g. collagen, thrombin, adenosine diphosphate, adrenaline, serotonin, and TxA2). 29 -37 Non-steroidal anti-inflammatory drugs are often used in the general population, and despite the fact that guidelines specifically discourage the use of NSAID in patients with cardiovascular diseases, no decline in the use of NSAIDs has been seen in Denmark (http://www.medstat.dk/da/viewDataTables/). An association between the use of NSAIDs and the development of AF in post-IM patients could therefore have major public health impact. The HAS-BLED [uncontrolled hypertension .160 systolic, abnormal renal/liver function, prior haemorrhagic stroke, history of major bleeding, labile international normalized ratio, elderly (age . 65), drugs therapy with aspirin, NSAIDs, and alcohol intake (.7 alcoholic drinks per week)] score is used for stratification of bleeding risk in patients with AF, and one of the risk factors included in this score is the use of NSAIDs. Therefore, the use of NSAIDs would appear to represent a double-edged sword in that it increases the risk of AF and at the same time adds to bleeding risk, not least in the advent of anticoagulation therapy.
Limitations
The main limitation of our study is its observational nature. There is lack of information about important clinical parameters such as blood pressure, body mass index (BMI), smoking habits, lipid levels, and left ventricular ejection fraction, and therefore, the effect of unmeasured confounders cannot be excluded. Our calculations showed that if an unmeasured confounder or a combination of confounders was present in 20% of the cohort treated with NSAIDs, the confounder would have to elevate the risk by a factor of 2.8 -3.5 to explain the increased risk observed in our study. Existence of such a confounder or a combination of confounders is highly unlikely, but not entirely impossible, since we had no information on other important risk factors such as smoking, lipid levels, or BMI. Information about the precise indication for initiation of NSAID treatment was not available, but NSAIDs are not recommended for the treatment of patients with ischaemic heart disease and it is unlikely that AF would be treated with NSAIDs. However, the clear relation between degree of COX-2 inhibition and risk of developing AF indicates the importance of the drugs rather than the indications. Having users treated with NSAID prior to the inclusion may result in confounding (healthy-user effect), e.g. because subjects not experiencing AF while taking NSAIDs remain on treatment, while AF events in others results consequently ends in discontinuation of treatment. However, our estimates when excluding prevalent NSAID users remained the same. Another possible bias when using prescription data is the uncertainty about adherence to treatment. Indeed, in observational studies, there is always a possibility that the patients do not take their prescribed medications. On the other hand, non-adherence would dilute the association between the exposure and outcome. This nationwide study of patients with prior MI demonstrated that the treatment with most NSAIDs is associated with increased risk of developing AF compared with no NSAID treatment.
This study supports previous studies and adds important information to the current knowledge of the cardiovascular safety of NSAIDs in patients with prior MI. Further studies and preferably randomized clinical trials are warranted to establish the cardiovascular safety of NSAIDs.
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